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I n t r o d u c t i o n  

underway a t  Argonne N a t i o n a l  Labora to ry  f o r  some t ime .  I n  t h e s e  sys t ems ,  thermal 
ene rgy ,  as from a n u c l e a r  r e a c t o r ,  i s  used  t o  decompose t h e  p r o d u c t s  of a power- 
p roduc ing  g a l v a n i c  c e l l  t o  form i n t o  t h e  o r i g i n a l  r e a c t a n t s  f o r  re -use  i n  t h e  c e l l .  
S i n c e  t h e  c e l l  g e n e r a l l y  o p e r a t e s  a t  a lower  t empera tu re  than  t h e  decomposi t ion  
t empera tu re  of t h e  c e l l  p r o d u c t s ,  t h e  sys tem is a two- tempera ture  sys tem and i s  
l i m i t e d  t o  Carnot  c y c l e  e f f i c i e n c y .  

change a t  t h e  c e l l  t e m p e r a t u r e ,  and y e t  may be t h e r m a l l y  decomposed a t  a tempera- 
t u r e  o b t a i n a b l e  i n  a r e a c t o r  u s i n g  t o d a y ' s  t echno logy ,  h a s  l e d  t o  a n  examination 
of  v a r i o u s  a l k a l i  m e t a l - c o n t a i n i n g  b i n a r y  a l l o y s .  Many o f  t h e s e  a l l o y s  have  a 
l a r g e  n e g a t i v e  f r e e  ene rgy  of fo rma t ion ,  a s  i n d i c a t e d  q u a l i t a t i v e l y  by t h e  h igh  
m e l t i n g  p o i n t s  of t h e  compounds formed between t h e  l i g h t e r  a l k a l i  m e t a l s ,  and, f o r  
example,  bismuth. 

S t u d i e s  of v a r i o u s  t h e r m a l l y  r e g e n e r a t i v e  g a l v a n i c  c e l l  sys t ems  have  been 

The s e a r c h  f o r  m a t e r i a l s  which combine w i t h  a l a r g e  n e g a t i v e  Gibbs  f r e e  energy  

In o r d e r  i o  p r e d i c t  t h e  i d e a l  behav io r  of  a t h e r m a l l y  r e g e n e r a t i v e  g a l v a n i c  
c e l l  system, i t  i s  n e c e s s a r y  t o  know t h e  thermodynamic p r o p e r t i e s  o f  t h e  a l l o y  used 
i n  t h e  c e l l .  For i n s t a n c e ,  t h e  chemica l  p o t e n t i a l  of t h e  a l k a l i  m e t a l  i n  t h e  b i -  4 
n a r y  a l l o y  i s  used t o  c a l c u l a t e  t h e  o p e n - c i r c u i t  p o t e n t i a l  of t h e  ce l l  i n  the  s y s -  , 
tern i f  t h e  c e l l  is a c o n c e n t r a t i o n  c e l l  w i thou t  t r a n s f e r e n c e .  L ikewise ,  t h e  tern- , 
p e r a t u r e  v a r i a t i o n  of t h e  chemica l  p o t e n t i a l  of t h e  a l k a l i  metal i n  t h e  a l l o y  may 
be used  t o  c a l c u l a t e  the p a r t i a l  p r e s s u r e  of the a l k a l i  m e t a l  ove r  t h e  a l l o y  f o r  
v a r i o u s  p o s t u l a t e d  r e g e n e r a t i o n  c o n d i t i o n s .  The p a r t i c u l a r  a l l o y  which i s  t h e  sub- ' 

j e c t  o f  t h i s  r e p o r t  is t h e  sodium-bismuth a l l o y .  

t h e  most obvious  method would appea r  t o  be a n  emf t echn ique .  
sponds  d i r e c t l y  t o  t h e  cell i n  a r e g e n e r a t i v e  sys tem.  

are n o t  capab le  of p roduc ing  s i g n i f i c a n t  e l e c t r i c a l  c u r r e n t s .  For example, s e v e r a l  
workers  i n  t h e  p a s t  have  o p e r a t e d  c e l l s  w i t h  sodium anodes  i n  which t h e  e l e c t r o l y t e  
c o n s i s t e d  of a sodium i o n - c o n t a i n i n g  g l a s s .  O the r  e l e c t r o l y t e s  which might  b e  used 
i n c l u d e  m i x t u r e s  of mol t en  sodium s a l t s  o r  a s o l i d  sodium s a l t .  
d a t a  r e p o r t e d  h e r e  were t aken  u s i n g  e l e c t r o l y t e s  o f  s o l i d  NaC1. 

Although power-producing ce l l s  may w e l l  use mol ten  s a l t  e l e c t r o l y t e ,  the  S O l U -  

b i l i t i e s  of  sodium metal  from t h e  anode and of sodium-bismuth i n t e r m e t a l l i c  s p e c i e s  
from t h e  ca thode  a l l o y  are  s u f f i c i e n t l y  h i g h  t o  i n t r o d u c e  c o m p l i c a t i o n s  when a t -  
tempt ing  t o  make thermodynamic measurements l .  These c o m p l i c a t i o n s  t a k e  s e v e r a l  
forms. 
t o  d i f f u s e  toward t h e  c a t h o d e .  A t  the c a t h o d e ,  t h e  sodium i s  e x t r a c t e d  from t h e  
e l e c t r o l y t e  by t h e  c a t h o d e  a l l o y .  
anode  t o  the c a t h o d e  w i t h o u t  producing  any  c u r r e n t  i n  t h e  e x t e r n a l  c i r c u i t ,  

4 

I n  a s tudy  o f  t h e  thermodynamic p r o p e r t i e s  of t h e  b i n a r y  sodium-bismuth a l l o y ,  
T h i s  t echn ique  c o r r e -  '/ 

In u s i n g  t h e  emf t e c h n i q u e ,  one may choose  t o  o p e r a t e  c e l l s  which by des ign  

The c e l l - p o t e n t i a l  '' 
' 
( l  
/ 

F i r s t ,  t h e  sodium metal d i s s o l v e d  i n  t h e  e l e c t r o l y t e  n e a r  t h e  anode t ends  
;' 

fl 
The r e s u l t  i s  a t r a n s f e r  of sqdium from t h e  

* 
T h i s  work was per formed under  t h e  a u s p i c e s  of 
t h e  United S t a t e s  Atomic Energy Commission. 
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caus ing  a c o n s t a n t  change i n  t h e  ca thode  composi t ion  of t h e  c e l l .  
s o l u t i o n  of  sodium i n  t h e  e l e c t r o l y t e  i s  a "mixed" e l e c t r i c a l  conduc to r ,  t h a t  is ,  
i t  h a s  both  ionic '  and e l e c t r o n i c  c o n d u c t i v i t y .  T h i s  r e s u l t s  i n  a l ower ing  of t h e  
o p e n - c i r c u i t  p o t e n t i a l  by caus ing  a n  i n t e r n a l  s h o r t  c i r c u i t  i n  t h e  c e l l .  Th i rd ,  
t h e r e  e x i s t s  t h e  p o s s i b i l i t y  of back-d i f fus ion  of bismuth from t h e  ca thode  a l l o y  
t o  the  anode through t h e  s o l u b i l i t y  of i n t e r m e t a l l i c  s p e c i e s  i n  t h e  e l e c t r o l y t e .  
For t h e s e  r easons ,  s o l i d  N a C l  e l e c t r o l y t e s  were used i n  t h e  c e l 1 s : r e p o r t e d  here .  

Second, t h e  

Exper imenta l  S t u d i e s  

S i n c e  t h e  sodium m e t a l  i t s e l f  and t h e  sodium-bismuth a l l o y s  a r e  s u b j e c t  t o  
a t t a c k  by water  vapor and oxygen, a l l  of t h e  c e l l s  were o p e r a t e d  i n  f u r n a c e  w e l l s  
a t t a c h e d  t o  an i n e r t  a tmosphere  e n c l o s u r e  c o n t a i n i n g  he l ium.  The he l ium was con- 
t i n u o u s l y  r e c i r c u l a t e d  through a p u r i f i c a t i o n  sys tem and c o n t a i n e d  a s  i m p u r i t i e s  
l e s s  t han  1 . 5  ppm water vapor ,  and l e s s  t h a n  5 ppm each  of oxygen and n i t r o g e n .  

E l e c t r o l y t e s  were o b t a i n e d  from Harshaw Chemical Company i n  t h e  form of  cups 
w i t h  1 1 8 - h .  t h i c k  w a l l s  and bottoms. These  were machined from s i n g l e  c r y s t a l s  of 
NaC1. The sodium anode was con ta ined  i n s i d e  t h e  cup e l e c t r o l y t e ,  which was i n  t u r n  
lowered i n t o  t h e  l i q u i d  sodium-bismuth a l l o y .  Tantalum r o d s  were used as e l e c t r o d e  
c o n t a c t s .  C e l l  p o t e n t i a l s  were measured w i t h  a p o t e n t i o m e t r i c  e l e c t r o m e t e r  having 
an . i n p u t  impedance of  1013 ohms. 
measured by p a s s i n g  sma l l  c u r r e n t s  th rough t h e  c e l l .  The c u r r e n t - v o l t a g e  r e l a t i o n -  
s h i p  SO ob ta ined  was l i n e a r  f o r  c e l l  t empera tu res  between 810 and 1050'K. A t  a c e l l  
t empera tu re  o f  523'K, t h e  i n t e r n a l  c e l l  impedance w a s  app rox ima te ly  2 . 2  x lo7 ohms,  
i n d i c a t i n g  t h e  requi rement  of  an  e l e c t r o m e t e r  o r  s i m i l a r  d e v i c e  f o r  measur ing  t h e  
c e l l  p o t e n t i a l .  A t  h i g h e r  t empera tu res ,  approaching  1050°C, the i n t e r n a l  c e l l  re- 
s i s t a n c e  dropped t o  n, 300 ohms. 

R e s u l t s  

tempera ture-composi t ion  d a t a  i n  o r d e r  t o  compensate f o r  t h e  "mixed" i o n i c  and 
e l e c t r o n i c  c o n d u c t i v i t y  i n  t h e  e l e c t r o l y t e .  
t r o l y t e  i n  c o n t a c t  w i t h  t h e  sodium anode. 
t o  sodium i o n s  (which may be  l o c a t e d  i n  c a t i o n  v a c a n c i e s )  and e l e c t r o n s ,  a t  l e a s t  
some o f  which a r e  l o c a t e d  i n  F -cen te r s  ( o r  a n i o n  v a c a n c i e s ) .  The e l e c t r o n i c  con- 
d u c t i v i t y  could a r i s e  from t h e  the rma l  e x c i t a t i o n  of  e l e r t r o n s . i n  F -cen te r s  i n t o  
conduct  i o n  bands.  

The c o r r e c t i o n  terms was found by comparing t h e  v o l t a g e  of t h e  expe r imen ta l  

Forward and r e v e r s e  c u r r e n t - v o l t a g e  c u r v e s  were 

It  was found n e c e s s a r y  t o  add a s m a l l  c o r r e c t i o n  t o  t h e  raw c e l l  p o t e n t i a l -  

Sodium may d i s s o l v e  i n  t h e  sol"yl e l e c -  
These  d i s s o l v e d  a toms may d i s s o c i a t e  in- 

c e l l :  
a s  a f u n c t i o n  of t empera tu re  w i t h  b o t h  emf d a t a  from t h e  l i t e r a t u r e  and wi th  t h e  emf 
c a l c u l a t e d  f o r  700°C from vapor  p r e s s u r e  measurements.  P r e v i o u s  c o n c e n t r a t i o n  c e l l  
s t u d i e s  u s i n g  t h e  Na-Pb sys tem have been r e p o r t e d  by Hauf fe  and Vie rkZ  ( i n  1949) 
and by Lan t ra tov3  ( i n  1959) .  
i ng  sodium ox ide .  T h e i r  r e s u l t s  a r e  i n  agreement w i t h  t h o s e  r e p o r t e d  i n  1956 by 
P o r t e r  and Fe in l e ibO,  who used  a n  e l e c t r o l y t e  of  a lumina  impregnated  w i t h  sodium 
ca rbona te .  A. K .  F i s c h e r 5  of Argonne de termined  t h e  vapor  p r e s s u r e  o f  Na ove r  a 
40 a / o  Na i n  Pb a l l o y  h e l d  a t  700°C. From h i s  measurement,  t h e  c e l l  emf w a s  c a l -  
c u l a t e d  t o  be  n, 8 mv h i g h e r  than  t h a t  r e p o r t e d  by F e i n l e i b  and P o r t e r .  The cor- 
r e c t i o n  t e r m  f o r  t h e  c e l l  p o t e n t i a l s  observed  u s i n g  s o l i d  N a C l  as  t h e  e l e c t r o l y t e  
ranged from 4 mv a t  400°C t o  36 mv a t  700°C. 
a ture-composi t ion  d a t a  f o r  t h e  sodium-bismuth c e l l s  a r e  shown i n  F i g u r e  1. 

Discuss  ion  

c o n t a i n i n g  30 t o  40 a / o  Na i n  B i  is c o o l e d ,  a s o l i d  s ta r t s  t o  p r e c i p i t a t e  from t h e  
l i q u i d  a l l o y  a s  ev idenced  by t h e  change i n  s l o p e  of t h e  emf v s  t empera tu re  cu rves .  
T h i s  i s  p r e d i c t e d ,  of c o u r s e ,  from the phase  d iagram.  Using t h e  d a t a  o f  F igu re  1, 
t h e  co r re spond ing  e x c e s s  chemica l  p o t e n t i a l s  o f  sodium have been c a l c u l a t e d  f o r  
t h e  l i q u i d  Na-Bi a l l o y s .  

Na(!L)NaCl(s)/40 a / o  Na i n  Pb(2)  

These i n v e s t i g a t o r s  used  g l a s s  e l e c t r o l y t e s  conta in-  

The c o r r e c t e d  c e l l  po ten t i a l - t emper -  

The d a t a  i n  F i g u r e  1 c l e a r l y  r e f l e c t  t h a t  when a c e l l  w i t h  a ca thode  a l l o y  

These d a t a  were t h e n  t r e a t e d  by a l e a s t - s q u a r e s  t echn ique  



t o  f i n d  an e x p r e s s i o n  f o r  t h e  e x c e s s  chemica l  p o t e n t i a l  of sodium i n  l i q u i d  sodium- 
b ismuth  a l l o y s  a s  a f u n c t i o n  of t empera tu re  and composi t ion .  The b e s t  f i t  was ob- : 
t a i n e d  by assuming a q u a d r a t i c  dependence o f  e x c e s s  chemica l  p o t e n t i a l  on bo th  
t empera tu re  and compos i t ion  -- a s u b t l e  way of s ay ing  t h a t  n i n e  c o e f f i c i e n t s  a r e  1 
n e c e s s a r y  t o  d e s c r i b e  t h e  e x c e s s  chemica l  p o t e n t i a l  s u r f a c e  ( s e e  Equat ion  1 and ! 

Tab le  1 ) .  

O the r  thermodynamic q u a n t i t i e s  f o r  sodium-bismuth a l l o y s  may be c a l c u l a t e d  from t h e  
e q u a t i o n  f o r  t h e  e x c e s s  chemica l  p o t e n t i a l  o f  sodium, us ing  t h e  s t a n d a r d  thermody- 
namic r e l a t i o n s h i p s .  

Using t h e  c e l l  p o t e n t i a l  s u r f a c e  c a l c u l a t e d  from t h e  e q u a t i o n :  

J 2 , a t  a g i v e n  t empera tu re ,  f o r  which E is  t h e  one m?y i r l c u l a t e  t h e  compos i t ion ,  
same as t h a t  observed  f o r  c e l l s  i n  w f c h  t h e  ca thode  a l l o y  was s a t u r a t e d  wi th  a 
s o l i d  i n t e r m e t a l l i c  compound -- e i t h e r  NaBi o r  Na B i .  Th i s  composition-tempera- 
t u r e  r e l a t i o n s h i p  is  t h e  u s u a l  phase  d iagram,  and t h e  p o i n t s  c a l c u l a t e d  a r e  shown 
i n  F i g u r e  2 ,  compared w i t h  t h e  phase  d iagram p u b l i s h e d  i n  Hansen and Anderkob. 
compos i t ions  and c e l l  p o t e n t i a l s  c a l c u l a t e d  were used ,  a long  w i t h  t h e  equa t ion  f o r  
t h e  e x c e s s  chemica l  p o t e n t i a l ,  t o  c a l c u l a t e  t h e  s t a n d a r d  f r e e  energy  of fo rma t ion  
o f  s o l i d  NaBi and Na B i ,  assuming p u r e  l i q u i d  Na and B i  a s  t h e  s t a n d a r d  states.  
These a r e  contpared i n  T a b l e  2 w i t h  t h o s e  r e p o r t e d  p rev ious ly7  f o r  s o l i d  L i  B i .  
i s  t o  be  noted  t h a t  t h e  sodium-bismuth i n t e r a c t i o n  is  s i g n i f i c a n t l y  lower i n  energy 
than  t h e  i n t e r a c t i o n  between l i t h i u m  and b ismuth .  

L 

3 

The 
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3 

T a b l e  1. E 
C . .  C o e f f i c i e n t s  Used i n  E v a l u a t i n g  from Equat ion  1. 
71 

j = 1 -7454.10 -14928.3 6227.26 
j = 2 -17.7422 25.5126 37.9301 
j = 3 .0113414 -. 000940211 -.0435859 

i = l  i =  2 i = 3  

T a b l e  2. 
S tandard  F ree  Energies o f  Format ion  of L i , B i ,  N a B i .  and Na B i  

S t anda rd  F r e e  Energy o f  Format ion  (kca l /mole)  o f :  
* >  3- 

Na B i  -3- L i  B i  N a B i  -3- T ( O K )  

550 
600 - 
650 -14.7 - 
700 -11.4 - 
750 - -36 .1  
800 -50.5 - -34.6 
850 -49.7 - -33.4 
900 -48.8 - -32.6 

-15.4 - 
-15.0 

1 

*Standa rd  s t a t e s  were chosen  t o  be t h e  p u r e  l i q u i d  e lements  and t h e  s o l i d  compounds 
i n  t h e  c e l l  envi ronment .  
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Figure 1. 
CORRECTED POTENTIALS FOR THE CELL: 

Na(R)/NaCl(s)/Na in Bi as a Function of Temperature. 
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Figure 2. 
COMPARISON OF CmCULATED SATURATION CONCENTRATIONS 

WITH PUBLISHED PHASE  DIAGRAM^. 



I MEMBERSHIP IN THE DIVISION OF FUF,L CHEMISTRY 

[e Fuel Chemistry Division of the American Chemical Society is an internationally 
cognized forum for scientists, engineers and technical economists concerned with 
e conversion of fuels to energy, chemicals, or other forms of fuel. Its interests 
nter on the chemical problems, but definitely include the engineering and economic e pects as well. 

I 
b chemist, chemical engineer, geologist, technical economist, ,or other scientists 
mcerned with either the conventional fossil fuels, or the new high-energy fuels-- 
hether he be in government, industry or independent professional organizations-- 
o d d  benefit greatly frm participation in the progress of the Fuel Chemistry 
?vision e 

he h e 1  Chemistry Division offers at least two annual programs of symposia and gen- 
ral papers, extending over several days, usually at National Meetings of the American 
hemi.mil Society. These include the results of research, developent, and analysis in 
he many fields relating to fuels which are so vital in today's energy-dependent 
conmy. Members of the Division have the opportunity to present papers of their am, 
r participate in discussions with experts in their field. Most important, the Fuel 
;hemistry Division provides a permanent record of all of this material in the form of 
omplete preprints. 

qtarting in September 1959, the biennial Fuel Cell Symposia of the Division have been 
,he most important technical meetings for chemists and chemical engineers active in 
this field. The recent land- 
.mrk symposium on Advanced Propellant Chemistry has been published in book form also. 
prther, the Division is strengthen% its coverage of areas of air and water p0llu- 
,tion, gasification, and related areas. 

In addition to receiving several volumes of preprints each year, as well as regular 
news of Division activities , benefits of membership include: (1) Reduced subscrip- 
tion rates for "Fuel" and "Combusf;lion and Flame," (2) Reduced rates for volumes in 
the "Advances in Chemistry Series based on Division symposia, and ( 3 )  The receipt 
card sent in acknowledgment of Division dues is good for $1.00 toward a camplete set 
of abstracts of dl papers presented at each of the National Meetings. 

To join the Fuel Chemistry Division as a regular member, one must also be or became a 

because they are not practicing scientists, engineers or technical econamists in areas 
related to chemistry, can become Division Affiliates. 
regular member except that they cannot vote, hold office or present other than invited 
papers. Affiliate membership is of particular value to those in the informational and 

active in the fuel area and living outside of the United States are invited a l s o  to 
becme Division Affiliates. 

Membership in the Fuel Chemistry Division costs only $4.00 per year, or $U.00 for 

$out joining ACS, is $10.00 per year. 

These symposia have a l l  been published in book form. 

)member of the American Chemical Society. Those not eligible for ACS membership 

They receive all benefits Of'a 

?library sciences who must maintain awareness of the fuel area. Non-ACS scientists 

,three y e a r s ,  in addition to ACS membership. The cost for a Division Affiliate, with- 
For m h e r  information, write to: 

Dr. Frank R u s i n l r o ,  Jr. 
Secretary-Treasurer 
ACS Division of Fuel Chemistry 
c/o Speer Carbon Company 
St. Marys, Pennsylvania 15857 
Telephone: 814 - 834-2801 
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TRACERLAB 

A DIVISION OF LABORATORY FOR ELECTRONICS, INC. 

EXCITED GAS RESEARCH AND TECHNOLOGY , 

Tracerlab has pioneered i n  programs involving generation and utilization 
of low temperature plasmas employing electrodeless discharges a t  radio 
frequencies. 
Excited Gas Research and Technology. The programs a t  Tracerlab have 
been based on research investigations, and have resulted in many tech- 
nological applications and the development of specialized instrumenta- 
tion. The electrodeless method is free of contamination by consumable 
electrodes, provides a uniform volume of excited reactive gas, and re- 
quires only "soft" vacuum engineering design. 

Systems studied to da t e  have included both organic and inorganic systems 
in the following areas: 

This field of research and development is defined a s  

Homogeneous g a s  reactions a t  discharge conditions. 
Gas-solid reactions. 
Reactions involving solids of different physical disposition, 
such a s  ultrafine sub-micron powders. - Treatment of solid shee t s  of metals or polymers. - Reactions producing products i n  the gas  phase. 
Reactions for effecting synthesis. 
Reactions for reducing organic media to residual inorganic ash. - Flow discharge configurations for spectrographic studies. 

IN ADDITION TO RESEARCH AND DEVELOPMENT SERVICES, THE FOLLOWING 
EQUIPMENT* IS AVAILABLE: 

RF Generators - 300, 2,000 and 5,000 RMS Watts - Variable Output - Plasma Activators - Inductive and Capacitive Coupling 
Plasma Research System - 300 RMS Watts - Variable Output 
Low Temperature Asher - LTA-600 

*All equipment operates a t  FCC - approved frequency - 13.56 megacycles. 

For Additional Information, Please Cal l  or Write: 

Mr. James. Robinson 
Product Manager, Plasma Techno] 

2030 Wright Avenue 
Richmond, California 94804 
Telephone: 415-235-2633 

TRACERLAB/WEST 
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ReCENT FUEL DIVISION SyMposIA 

Title 
Symposium on Gas Generation 
General Papers 

Symposium on Chemical Phenomena in Plasmas 
Symposium on Kinetics and Mechanisms of 
High Temperature Reactions 

Symposium on Pyrolysis and Carbonization of Coal 
Symposium on Mineral Matter in Coal 

Symposium on Advanced Propellant Chemist@ 

Volume 
V o l .  8, No. 1 

’; 

1 
5 

#Val. 8, No. 2 

tvol. 8, No. 3 
I 

g V O l .  9, No. 1 
1 

Vel. 9, No. 2 

V o l .  9 ,  No. 3 
Parts 1 & 2 

Vol.  9, No. 4 

‘Vo l .  10, No. 1 

Vol. 10, No. 2 

Symposium on Fuel and Energy Economics 
General Papers 

Symposium on Hydrocarbon-Air Fuel CellsH 

Symposium on Coatings Based on Bituminous 
Materials 

General Papers 

Symposium on Fossil Fuels and Environmental 

Joint with the Division of Water, Air, and 
Pollution 

Waste Chemistry 

Symposium on Pyrolysis Reactions of Fossil Fuels 
Joint with the Division of Petroleum Chemistry 

Presented At 
Philadelphia, Pa. 
April, 1964 

Philadelphia, Pa. 
April, 1964 

Chicago, Illinois 
August , ,1964 

Detroit, Michigan 
April, 1965 

Detroit , Michigan 
April, 1965 

Atlantic City, N. J. 
September , 1965 

Atlantic City, N. J. 
September , 1965 

Pittsburgh , Pa. 
March, 1966 

Pittsburgh, Pa. 
March, 1966 

V o l .  10, No. 3 Symposium on Current Analytical Methods for New York, N. Y. 
Fuels September, 1966 
Fuels 

Symposium on Combustion Reactions of Fossil 

General Papers 

Vol. 10, No. 4 Symposium on Gasification* 

Vol. U, No. 1 Symposium on Electrochemical Processes 

‘Vol. U, No. 2 
Parts 1 and 2 

Symposium on Chemical Reactions in 

General Papers 
Electrical Discharges 

New York, N. Y. 
September, 1966 

Miami, Florida 
April, 1967 

April, 1967 
M i a m i ,  Florida 

* To be published by Advances in Chemistry 
+, , Published by Academic Press Inc. 



, .  . .  
. .  . .  - i, ' . .  . .  - .  I .  . .  . .  ,.. .. . . . 

.. . .. . .  

I ' PRoJ.Ecm PROCRAMS 

Symposium on Detonations and Reactions in Shock Waves 
Joint with the Division of Physical Chemistry 
R. W. Van Dohh, C h i m a n  

Fifth Biannual Fuel Cell Symposium 
B. S. Baker, Chainnan 

Symposium on Advances in Spectrometry of Fuels and Related 
Materials 
Joint with the Division of Analytical Chemistry 
R. A. Friedel, Chairman 

General Papers 
Irving Wender, Chairman 

Symposium on Advanced Propellant Chemistry 
R. T. Hol~nann, Chainaan 

Symposium on Oil Shale and Tar Sands 
Joint with the Division of Petroleum Chemistry,  Inc. 
J. H. Oary, Chairman 

General Papers 
R. T. Struck, Chairman 

Sgmpoeiun on Induetrid Carban and Graphite 

Symposium on Synthetic Fuels fran Coal 

Frank RusFrrko, Jr., Chairmaa 

E. Gorin, c h a m  

General Papers 
R. T. Struck, chairman 

Chicago, I l l i n o i  
September, 1% 

Chicsgo, I U i n o i ;  
September, 1% 

Chicago, I u i n o i  
September, 196. 

Chicago, Illinoi: 
September, 1961 

April, 1968 ' 
san Francisco 

San Francisco 
AprF1,  1968 , 


